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PROCESS FOR THE IN VITRO REPLICATION OF HCV 



The invention relates to a process for the in vitro replication of HCV. 

Hepatitis C, that is a non A non B hqiatitis. is a transmissible disease that is 
induced by Hq)atitis C Virus (HCV), the major cause of acquired hqiatitis by 
transfusion. Hepatitis C is distinguishable from otiber forms of viral-associated liver 
diseases, such as hepatitis A, hepatitis B or hq[iatitis D. Evidence of HCV mfisction is 
found throughout flie world. Infections are usually chronic. 

HCV was the first hepatotropic virus to be isolated by die mean of molecular 
biology techniques (I). Viral genomic sequoces were cloned before the viral particle 
itself could be visualized (14). 

HCV is a suigje-stranded positive-sense RNA virus of about 9,5 Isb in length, 
translated in a unique polyprotem precursor of iqjproximatively 3,000 amino acids. 
Because of its genomic organization and its presumed rq)lication mode, HCV was 
dassified in a new genus wifliin tiie Flarimidae &mily 02), which includes two 
• oflier* genera : tfie flavivinises and the animal pestiviruses and classical smne fever 
virus. All mcab&cs of tibis femSy have enveloped virioxis that contain a positive- 
strand RNA racoding all known virus-specific protdns via translation of a single open 
reading fiame. 

Mai^ techniques have been devdoped to diagnose an infection by HCV. F6r 
example, imnnmodiagnostic assays have heea developed for detecting antibodies 
directed against HCV proteins in the serum of patients. Synttiesis of cDNA by reverse 
transcription of die viral RNA and amplification by PCR have been also used for 
drtecting HCV genome, as an indirect measure of potentially infectious virus in sera 
from chronically infected humans or experimratally infected chimpanzees. On the 
basis of cloning an HCV gene, hybridization techniques with a DN A probe have also 
been used. 

It is submitted that existing diagnostic methods to some extent lack of sensitivity 
and/or specificity and/or praticability. For exan^le, with the probe hybridization 
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m^od» it is impossible to distinguish a vims with less infectivity versus a vinis with 
high infectivity. Consequently, it is necessary albeit impracticle to inoculate a 
cfanxq)anzee with the virus to be tested and test the resultant infection thereof in the 
duQipanzee. 

The demand for sensitive aM specific methods for identifying and screwing 
carriers of HCV is in^ortant for public health. A solution for addressmg these 
problems could be to p^rm a hig^y efBcient in viirfo culture system of HCV 
aUowing persistent in vitro virus pn^>agation, spedfically to study the mechanisms of 
replication of the virus, to test neutrali^ng antibodies as well as antiviral drugs and to 
develop biological materials and tests for diagnostic, bideed, an in vitro culture 
system would provide a source of material, sudi as viral polypq)tides or nucleotide 
sequences, which could be used for the development of diagnostic assays and/or 
vaccines. In addition, they could be used m drug screening and for developing 
antiviral agents. However, a reliable and robust in vitro culture method has untfl now 
not been available. 

In vm>, evidence of HCV replication in cells from the immune ^trai has bera 
documented (15, 26, 27. 38) but remains matter of controversy (23. 25, 31). HC^^ 
has also been shown to be able to replicate in vitro in lyn^>hoid cell lines and 
perq>heral blood moncnrndear cdls, but at very low levels and/or for short pmod of 
time (3, 16. 33, 34. 40. 41). 

In vitro propagation of HCV in liver cells has been as least as difficult to 
implement in hq^atic cdl lines as in primary hq>atocyte cultures (10. 13. 17. 22. 39). 
In rfiimpanyj^ hq)atocytes for instance. Landford ^ al. could not d^nonstrate the 
production of viral particles in the supernatant of infected cells, suggesting that a 
Gon^lete HCV rq>lication (^de was not achieved (22). Although. Ito et al. confirmed 
the inflW«M«<y of HC^^ replication in human hq)ato(^ cultures established firom in 
vivo dux)nic HCV carriers and suggested a passage of infection, technical problrais 
relating to the propagation of die virus still persist (13). More recently, lacovacci ^ 
al. also demonstrated in vitro infection of human fetal hepatdcytes (17). Overall, 
major difGnences between lymphoid and hq>atic cells were (i) low levels of 
replication and seleaion of a particular quasispecies in lynq)hdid cell lines (34) (ii) 
higher rq)lication level in hepatocytes (17, 22) and maintenance of all quasispecies 
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present in vivo (13). In these models, evidence of HCV rq)lication always required 
ttie use of nested-PCR, and production of infectious viral particles in the cell 
supernatant was rarely demonstrated. 

To date, in intra infection assays using normal adult human hepatoc^es in 
primary cultures have not been desmbed. 

. The objective of the present invention is to provide an efBcirat in vitro infixtion 
system using hqKdocytes and particularly mammalian and more particularly human 
hq)aiocytes, whidi avoid the problems cited hereabove. 

Culture conditions are defined for allowmg the maintenance of HCV rq)lication 
for at least Aree months post-infection. One embodiment involves die use of PGR 
amplification tedmiques, for exanq)le PGR, in three different regions of the viral 
genome (5* and 3* non coding regions, envelope glycoprotein E2). SufiBcient viral 
production was cditained to analyze and quantify HCV RNA by singleHnonnd PCR and 
fft^ff^T iffiTw! validated commercial assays but also to measure core antigen in the 
si^eniatants of infected cdls. The reproducibility of the m^od on hepatocytes from 
diffeieot liver donors using extrasivdy characterized inocula is also taught Finally* 
quasispedes sdected after in vitro mfection woe analyzed in the siqiematants of 
infected cdls and conqmred in cultures established from three diffi^CTt liver donors . 

The tedmiques described herdn are validated by experimental protocols. 

Liver resection samples were obtained from three patients undergomg partial 
hq)atectomy for metastatic liver tumor. They were negative for HIV. HBV and HCV 
infections by serological assays (EUSA HIVl HIV2.3 from Abbott and HIVl-2-3 
Vironostika assay, ElA assays from Abbott for the detection of HBsAg, anti-HBc and 
anti-HBs antibodies, and anti-HCV antibodies detection witii HCV 3.0 kit from 
Abbott). B3q)erimental procedures were performed in accordance to the French Laws 
and Ri^;ulation, with the informed patient's consent. 

The invention relates to the use of a culture medium containing : 

- one or more mammalian plasma or sera, 

- a chemical or biological compound having an antioxidative property 
and/or differratiating property, such as DMSO (dimethyl sulfoxide), retinoic 
acid, vitamin, for exanqile vitamin E. or selenium, 

- and/or one or more corticoids 
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for the in vitro hepatitis C virus replication in primary mammalian 
hqiatocytes. 

The term "coixq)Ound having antioxidative property" corresponds to 
substances which are opposed to oxidation of lipids* proteins, and nudeic acids 
in a cell or a cell line submitted to oxidative stress conditions. These substances 
can 

- block the prodiictions of free radicals, and/or 

- tnq[> die free radicals, and/OT . 

- inactivate free radicals. 

The term "conqpound having differentiatuig property" corresponds to a 
substance induces and/or maintains specific fimcdons of differentiated 
ceils (i.e. production of albmnin, (^tocfarome p450 and acute phase protein in 
hq»ato(grtes). 

The mvention relates to a process for the m vitro hqmtitis C virus 
replication in primary mammalian hq»tocytes comprising the step of incubation 
of aprimary mammalian hepatocyte culture medium containing 

- one or more mammalian plasma or SCTa, 

. a chemical or biological compound having an antioxidative property 
and/or differentiating property, such as DMSO, retinoic acid, vitamin, for 
example vitanun E, w selemnmi^ 

. and/or one or more oortiooids 
In the process of the invention, DMSO is advantageously used as an 
ingredient in the viral bspBtacyte culture medium. 

According to an advantageous embodimmt, the process of the invention is 
dharactCTized in that tfie culture medium contains : 

- one or sevend manmialian plasma or sera, 

" a chemical or biological conq)ound having an antioxydative property 
and/or difB^entiating property, such as DMSO, retinoic acid, vitamin, for 
exanople vitamin E, or selenium. 

According to an another advantageous embodiment, the process of the 
invendon is diaracterized in diat the culture medium is a primary human 
hqpato^te culture medium containing a non-infected human plasma or serum 
(i.e. a human serum not infected by HCV), DMSO, and a corticoid chosen from 
among hydrocortisone derivatives such as hydrocortisone hemisuccinate, or 
dexamethasone. 

According to an advantageous embodiment, the process of the invention is 
characterized in that : 
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- tbe ratio of non-infected human plasma or sermn is from about 1 % to 
about 10 % by volume of said culture medium, in particular about 1 %; to about 
S %, and prefi^ly about 2 %, 

- tberatioofDMSO in said culture medium is from about 0.5 % to about 
to about 3 % by volume , in particular about 2 %, 

- the concentration of tiie oorticoid is from about lO'^M to about lO^M, 
in particular about lO^M. 

According to an advantageous embodiment, the process of the invention is 
characterized in that die culture medram also contains : 

- antibiotics sudi as penid]Im,strq>tomycin, and/or 

- interferon^ and/or 

- piammalian insulin, axid/or 

- fo^ calf scnna^ and/or 

- a basic medmm for in vitro cdl cultures, such as William's E medium, 
or a culture medium adapted for long tenn culture of q)ithelial cells. 

According to an advantagecms onbodimmt, the process of the invoition is 
characterized in that the culture medhmi does not contain PEG. 

According to an another advantageous embodiment, tfie process of die 
invention is dianicrmzed^ in tihat : 

- theHCVtiterof theinocblumisfromabout lO^toabom 100 genonu 

equivalents per hcpatoqte of the coltnxe* in particular from 0.1 to about 10 and 
in particular from about 1 to about 10 genomic equivaleots/hqiatocyte, 

- and the resulting HCV titer in the culture medium after incubation with 
said moculum, is from about SAO^ to about 1 genomic 
equivalent/hiq>ato(7te/day. 

According to an advantageous embodiment in die process of die 
invention, the hepatocytes are inidally seeded in the culture medhun at die ratio 
of about l.S xlO' to about 2.10^ cdls/cnr^. 

The invention also rdales to the use of the culture system of die invention 
for die m vzrro screemng of anti-fiCV drugs. 

The term "anti-HCV drugs" designates natural or diemical or synthetic 
substances having the property of partially or totally inhibiting the viral 
propagation in die organism. It can include substances inhibiting the infection 
processus (blocking of the recq)U>r such as antibodies - and/or intemalizadon 
. process) and/or inhibiting replication (such as antisens) and/or secretion of viral 
particles. - - 

The invention also relates to the use of the culture system of the invention, 
for the in vitro diagnosis of HCV, for example for the development of 
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antibodies directed to HCV and/or synthetic polypq)tides or recombinant 
proteins and/or nucleotide probes. 

The invention also relates to the use of a process of the invention, for the 
prqiaration of vaccines against HCV, for example the testing of neutralizing 
antibodies, cross-neutralization. 

The invration also relates to HCV infected mammalian hqiatocyte coltore 
medium containing 

- one or more mammalian plasma or sera, 

- a chemical or biological compound having an antiosgrdative property, 
and/or differentiating proper^, sudi as DMSO, r^moic add, vitamin, for 
cxaxap\t vitamin B, or selenium, 

- and/or one or more corticoids. 

The invmtion also idates to HCV infected mammalian hqiatocyte culture 
medium containing 

- one or more mammalian plasma or SCTa, 

a chemical or biological conqxnmd having an antio^q^dative property 
and/or diiieientiatmg property, such as DMSO, retmoic arid, vitamin, for 
exanq>le vitamin E, or sdenium. 

The inveodon also idates to HCV mfected mammalian hspatocyte culture 
medium as above defined, characterized m that said culture medhun is a human 
hqiatDqrte culture mffdiyn containing a non-infected human serum or plasma, 
DMSO» and a oorticoid chosen among hydrocortisone derivatives such as 
hydrocortisone hemisuccinate, or dexamediasone. 

The mvention also relates to HCV infected mammalian hqiatoqrte culture 
miedium as above defined, charactmzed in that : 

- the ratio of non-infected human plasma or serum is ftom about 1 % to 
about 10 % by volume of said culture medmm, in particular about 1 %, to about 

S %, and prefi^ly about 2 %, 

- the ratio of DMSO in said culture medhim is firom dmt O.S % to a^ 

to about 3 % by volume , in particular about 2 %, 

- the concentration of tfie corticoid is from about 10*^ to about 
l(r^M, in particular about lO^M. 

The invention also relates to HCV infected mammalian hq>atocyte culture 
medium as above defined, wherem HCV mfected hqmtocTtes survive for at 
least 4 months. 

The mvention also relates to HCV particles obtamed according to the 
process above defined. 
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FlflimE LEGENDS: 

Fi gure 1 : Kinetics of detection of positive and negative-strand HCV RNA in 
cells and siqieniatants of primaiy liq>ato(7tes cultured in two different media of the 
present invention. Infections were perfonned using the senan K03 (genotype la) on 
cultures established from liver donor A. Cultures were maintained eidicr in flie 
presence of 2% human serum. 2% DMSO and 3.5 10-7 M hydrocortisone (A) or m 
flie presence of 10% PCS and 3.5 10-5 M hydrocortisone (B). Ethidinm bromide 
staining of 28 S RNA is shown to demonstrate the integrity of total ceUular RNA after 
extraction ptocednre. Elhidhim bromide staining of single round PGR products 
obtained in flie 5'NC3l (269 bp) arc shown for flie positivMtrand HCV RNA. 
Agarose gel electrophoresis foUowed by Soufliem Wot hybridization was conducted 
to flic negativwarand according to die -Tagged PGR" mefliod described b^ 
(product size 392 bp. 22). * indicates flw supemalants used foe flic passage of 
mfection shown in Rg. 3 and for quasispecies analysis documented m Fig. 5. 
Negative controls included PCR amplification performed from culture medium before 
infection (To), non infected cells (NT) and water (H20); RNA isobted from HCV 
positive serum was used as positive control for positive-strand RNA detection and as 
negative control for negative-strand RNA detection. 

Bgm2 ' Knetics of HCV replication m long-term cultures of human 
hepatocytes mahdamed in flie presence of 2% human serum, 2% DMSO and 3.5 10-7 
M hydrocortisone. Infections were performed on cultures established from Uver donor 
C. CeUular detracts (A) and culture supematanls (B) were analyzed. 28 S RNA and 
positivo«trand as well as pegativcwrtrand RNA amplification products were obtained 
as in flie Fig. 1. 3' X-tail amplification (92 bp product) was performed as described 
by Umlanft et al. (48). Viral titers obtained by Monitor test (Roche DiagnosticSystem) 
and core protein concentration (45) are shown. Negative controls were RNA isolated 
• froin mock-infected cells and supematants (NI). (-) means that core protein 
concentration was below die threshold of detection, and nd means tiiat these titers 
were not detKmined. * indicates flie supematants used for quasispecies analysis. 
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Fi gure 3 : Kinetics of positive and negative-strand viral RNA in the cells and 
supematants of hepatocytes infected with supematants of cultures infected with serum 
K03: passage of the infection. Oils were &om Uver donor B. 28 S RNA and positive- 
strand as well as n^ttive-strand RNA amplification products were obtained as in the 
Fig. 1. * shows the siqiematant used for quasispecies analysis. 

Figure 4 : Kinetics of detection of positive and negative-strand HCV RNA in 
cells and stq)ematants of primary hq)atoc^ cultures infected with serum SOS 
(genoQ^e lb) (A) and L02 (genotype 2a/2c) (B) in the culture medium containing 2% 
human serum, 2% DMSO and 3.5 10-7 M hydrocortisone. Cultures were established 
from liver donor A . Viral positive and negative-strand RNA were analyzed by PC3R as 
described in Fig. 1. Controls mduded PCR anq)lification permed from culture 
medmm before mfection (To), noh mfected ceUs (ND^ water (H20) and serum ftom 
HCV dironic carrier. 

Figures ! HVRl nucleotide sequences of HCV and numbers of clones 
recovered ftom the serum K03 (inoculum) and supematants of primary cultures of 
human hqjatoc^tes ftom three diflferent liver donors at various tunes post-mfection. 
Cloning and sequendng were performed as described herd)elow. Nucleotide 
sequences from nucleotides 1490 to 1583 according to stram H (1 1) are shown in (A). 
The conespondmg amino add sequences are shown (B). Horizontal bars indicate 
nucleotides or flmtnn acids idoitical to those of the consensus sequence. 

RTample 1 : Primary hqiatocyte cultures 

Cells were isolated by a two-step collagenase (Boehringer Mannheim) perfusion 
procedure as previously desaibed (9). A 30% percoU (Sigma) gradient was realized 
on isolated cells in order to remove dead cells. Freshly isolated hqiatocytes were 
seeded in 6-well dishes at a density of 1.5 to 2x10* viable cells/cm2. This high density 
is prefi^rcd to obtam long-term survival of primary hepatocytes (37). Adhesion was 
performed overnight in William's E medium (with Glutamax I, Sigma) complemented 
with 100 Ul/ml penicillin and streptomycin (Gibco), 5 g/l bovine insulin (Sigma) and 
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10% heat inactivaied fetal calf senun (FCS) (USDA batches, Eurobio). After seeding, 
medium was replaced by William's E supplmented with antibiotics and insulin as 
described above, plus either 2% dim^yl sulfoxide (Sigma), 2% normal human serum 
and 3.S x 10-7 M hydrocortisone hemisuccinate (Roussel, France), or 10% FCS and 
3.5 X 10-S M hydrocortisone hemisuodnate. Normal human serum was obtained from 
bleeds of non-infected padeots suffering from hemodiromatosis with their informed 
consent. 

Example 2 : In vitro infection widi HCV 

Three days after seeding, cultures were incubated ovomght at 37®C with SO id 
of die indicated sctvan diluted in 1.S ml of medium devoid of normal human serum. 
Modc-infected cells were mcubated with SO fil of human non-infectious serum. The 
inoculum was removed and cell monolayers -wa:e washed three times with PBS and 
refisd with die medium described above. Medium was dianged every 2-3 days until 
harvest It is to be noted diat the moculum which can be used m die present invration 
is a HCV iafected serum having substantially similar cfaaractmstics widi those of 
serum KD3, as defined in Table 2 hmifter. 

Rrample % : Extraction of nudeic adds and cDNA syndiesis 
Atthetinieof harvest, the medhun was collected and several aliquots stored at - 
TO^'C. Cultures w^ washed m phosphate-buffered salme (PBS), tiypsmized widi O.S 
g/1 tiypsm - 0.2 gfl EDTA (Gibco) in order to remove adsorbed, virions, and pelleted 
at 4**C. Paired cellular pellets were stored at -SO'^C until used. Intracellular total RNA 
as well as viral RNA contained in serum and supematants were isolated usmg High 
Pure RNA Isolation Kit ™ , according to the manufacturer's instruction (Boehringer 
Mannheim). A DNAse digestion of the sample is included in this procedure. 
Approxunately 0.7S x 106 hq;)atocytes 0ialf a dish) or SOO id of supernatant (one 
third) or ISO id of scnm were extracted and collected m a final volume of SO /d of 
water. Intracellular RNA integrity and homogendty were checked by submitting S id 
of total cellular RNA to electrophoresis on 1% agarose gel contaming ^dium 
bromide. 
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During all the extraction steps and RT-PCR aiiq)lification, guidelines of Kwok 
and Higuchi (20) for the prevention of PCR contamination were carefully followed. 
Standard procedure were perfonned as follows : ten micioliteis of RNA 
(corresponding to approximately Ifig of total RNA or 100 fd of si^ematant) were 
preheated at 70''C with 0.1 fM of primer and reverse transmption was performed 
during 1 h at 4VC in a reaction mixture containing RT-buffer IX (Gibco BRL), 10 
mM dithiothreitol. 1 mM dNTP, 20 U RNAsin (Promega), and 200 U MMLV RT 
(Gibco BRL). For 3'X4ail detection, cDNA synthesis was performed at 52*'C for 50 
min in a reaction mixture containing obtained cDNA was submitted to PCR 
amplification, after denaturation at TJ^'C during eitiio: 10 min or 30 mm for d^ection 
of positive and negative-strand RNA respectively. Briefly, reaction mbcture consisted 
of IX Taq bnfifer, 1.S mM MgCI2, 0.1 niM dNTP, l.fcM of each prnner (Table 1) 
and 1.2S U Taq DNA polymerase (Perim Qmer). Two different techniques were 
used for die anqylification of the positive^trand RNA. PGR anq>lification of the 
S*NCR was adapted from Li etal. (28). using singteround amplification with primers 
NC3 and NC4. NC3 and NC4 possess 32 and 81 percents homology respectivdy with 
Bovine Viral Diarrhea Viius^ another member of the Haviviridae fmiily Aat was 

- found to be fiequratly contamining PCS batches (49). Absmce of d^ection of Bovme 
Viral Diarrhea Vmis was confirmed in the saDq)les. PCR conditions consisted of an 
initial step of 95^C for 5 min. 40 cydes of 95X for 1 min, 64*^C for 1 min, 72*'C for 
2 min, and a final extrasion step of 72''C for 10 min. In tfie second anq)lification of 
ttie 3' X-Tidl was perfonned aocordmg to a smgle-$tq> PCR metiiod described by 
Umlauft et al. (48). Spedfidty of anqplification products obtamed m both techniques 
of detection of the positive-strand RNA was demonstrated using Southern blot 
hybridization with oligonncleotidic mtemal probes. Specific detection of the negative- 
strand RNA was performed usmg a method described by Landford et al. (22). The use 
of a Tag during PCR anqilification was also shown to avoid artefactual anq)lification 

* of the incorrect strand in our hands. Two nucleotides were added in S' end of the 
primer initially desCTibed by Xandford et al. for better anq)lificatioa and specificity 
(see Table 1). After denaturation of reverse transcriptase and destruction of residual 
RNA in the cDNA preparation, PCR amplification was performed as following : 
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95^C for 5 min. 35 cycles of 94^C for 1 min 20 sec, 64X for 2 min, 72^C for 3 
min. and a final extension step at TC^C for 10 min. Typically, one-fourth of the PGR 
product was analyzed by agarose gel. Southern blot hybridization with a DIG-labeled 
probe intmial to tfie PGR primers was performed in the Tag method according to the 
manufiau:turer's instructions (DIG-High prime DNA labeling and detection starter kit 
n, ^Bodiring^). 

Pnmas for the amplification of the Hypervariable Rqgion 1 (HVRl) of die 
HCV genome ware synthesized on the basis of the published la gmotype sequence 
(11). Single-round PGR and DNA polymerases with high fidelity were used to avoid 
artefactual mutation during quasispecies analysis (44). Primers HVRl and HVR2 
were used for PGR amplification (see table 1). Two difiBorent enzymes wifli 3' 
exonnclease activities were con^ared for their efficacy of amplification and for their 
fidelity. Thirty.five cycles were performed at 94*C. 30 sec. 65'G, 30 sec , 68**G. 1 
mm 30 sec with ELONGase " (Gibco) or at 94^C. 1 mm. 65*G. 1 mm. 72^G. 2 min 
with Pfo (Stiatagoie) . both after initial draaturation of saoqile at QS^'C. Sequences 
obtained fixsm die serum after single round PGR an^lification widi either Pfu or 
BLONGase DNA polymerases, gave snnilar results (data not showiO* Therefore, 
ejqperiments described dimafter were performed usmg die ELONGase . because diis 
mix of enzymes has a bett^ efficacy than Pfo polymerase. 

Alternate amplification techniques could of course be utilized. 

Rxample 4 : Gloning of HVRl region 

RT-PCR products firom smim K03 or supematants of cultures infected with this 
serum were purified with Wizard PGR-Prq) (TM) (Promega) and subcloned into 
cloning vector PC»-Script TM Amp SK (+) (Stratagpoe) by die recommended 
procedure. A minimiifn of fifteen independent colonies were picked up. and die 
cDNA clones were sequenced in both directions with an Applied Biosystems 373A 
sequence and Taq Dye Terminators according to Applied Biosystems protocol. The 
sequendng comparison were paformed with Sequence Navigator software (Applied 
Biosystems). 
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Example S : Virological assays 

Quantification of the amount of HCV RNA was performed by Amplicor HCV 
Monitor ™ (Roche Diagnostic System), based on a simpBfied RNA eactiaction and a 
single, combined reverse transmption and anqplification reaction, mediated by 
tbmnus thennopbilus DNA polymerase. Siq)ematants were processed directly* HCV 
RNA titers were also determined in some supematants and in sera by &e 
QuantipIexTM HCV RNA 2.0 Assay (bDNA/ Chiron). Genotypes were determined 
by the Inno-Upa HCV n test (TM) (Innogenetics, Belgium), GBV-C co-infection by 
the LCx test (TM) (Roche), anti-HCV antibodies (anti-C, E, NS3, NS4, NS5) by the 
Inno-Lia HCV ABIII test (Iraiogcnetics). Anti-El and E2 antibody titers were kmdly 
d^ennined by E. *Dq>Ia (Innogenetics). Results shown m Table 2 are mdicated as 
fbUowmg : (- ): ni^ative at senm ditaition 1/20; (+) : positive at serum dilution 1/20; 
and (+++): positive at serum dihition 1/200. Neutralization of Bindmg (NOB) titers 
were d^etmined by Rosa and Abrignani (35). This assay is based on the 
neutralization of binding of purified envelope glycoprotein 2 expressed in mammalian 
odls to human cells. According to ttiis assay, hi^ NOB titers are > 1/2000 i.e. a 
1/2000 dilution of the senun has neutralizing activi^ agamst bmdmg of purified B2 
on target cdls. 

Exanyle 6 : (Juantitative analysis of HCV core protein concentration 
The concentration of HCV core protein was measured by the sandwich FEIA in 
cellular extracts and siq>ematants of infected cells accordmg to a procedure described 
previously (4S, 46), with some modifications in the steps of processing sanoples. 
Briefly, die step of precqvitating protems m sanqiles by poly^ylene glycol was 
omitted because the protein was expressed as pg/nd using standard of cll 
recombinant HCV core protdn. The Umit of detection was calculated as 40 pg/ml for 
supematants and S.3 pg/106 cells for cell extracts. 
GenBank/EMBL accession numbers 

Nucleotide sequences from the HVRl region obtained in this study have been 
submitted to DDBJ/EMBL/GenBank DNA data bases with accession numbers 
AF045896 to AF045924. 
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Example 7 : Maint»iaiK:e of HCV replication 

In vitro HCV infiected h€|>atocytes were analyzed up to 3 months post-infection 
(Fig. 2). In this e3q)eriment, positive-strand RNA was barely detectable before day 8 
and day 12 post-infection in tfie odUs (Fig. 2A) and in the supematants (Fig. 2B) 
respectivdy. Negative-stiand RNA detection occurred also lata: in diis experiment 
than in previous ones (day 21 post-infection. Fig. 2A). Kinetics of RNA rqilication 
seemed th^eforc to vary firom one donor to the other. (Quantitative analysis of flie 
secr^ viral RNA was carried out using Amplicor HCV Monitor test (Fig. 2B). 
After an initial release of partidcs from the inoculum (still detected at day 3), 
genomic titers in the supematants of mfected cells wctc very low firom day 8 to 10 
post-infection, and tha gradually inoeased during the 3 months of culture, ranging 
from 955 at day 12 post-infection to about 60,000 gnomic equivalents/ml at day 90. 
This condated well with the intensity of PCR products in edudhun bromide stained 
electrophoresis gels. RemaAablyt an enhancement of i^iproxunately one Log occurred 
after 2 months of culture. One infopr^on of tins observation could be fliat HCV 
rq>lication adapted to in vitro culture. (Quantitative analysis was also performed usmg 
bDNA assay. Titers obtamed confirmed those obtained using the Monitor test, 
although then: range was one Log higher, similarly to what is usually observed for 
s^. 

In order to further assess the presence of HCV RNA in the supematants of long- 
term cultures of infected hepatocytes, the positive-strand HCV RNA was amplified 
usmg primos located m the otreme 3* NCR of HCV genome : the highly conserved 
tail of 98 nudecrtides in logth rateoding HCV genome after the poly(U) stretdi 
referred to as 3' X-tail (19, 47). PGR products obtained using this approach resulted 
m a weater and less systematic d^ection, likely due to a lower sensitivity of this 
smgle-round PCR technique (Fig. 2B). However, these data demonstrated the 
presence of the fiill length HCV genome released in culture medium following in vitro 
; infection. Since this amplification product v^s hardly detectable before 23 days in 
culture, and reached its highest level by the end of the culture, this further indicated 
ttiat HCV RNA detected in the supematants of infected cells did not rq)resent 
carryover of infectious panicles from the very high titer inoculum K03. Moreover, 
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genomic titers obtained after 3 montbs of culture approximately lO-fold higher 
than those observed at day 3. 

The production of c^id antigen in infected cells was successfully dcanonstrated 
by a quantitative method previously described (45) (Fig. 2A and B). Capsid antigens 
could be d^ected bofli in the cellular extracts (concratradon range finim S.l to 9.2 
pg/106 cells) and supematants of infiscted cells (40 pg/nd). These data further 
demonstrated that HCV capsid protein synthesis did occur in this in vitro infisction 
model. 

Passage of the infection to naive h^tocytes 

D^ection of both viral RNA and capsid antigra in die siq>ematant of infected 
cdls suggested the release of viral particles. To dononstrate that it was indeed the 
case, tfadr infectivity was tested on naive cultures. Stq)enialants firom cultures infected 
withserumK03(Iiverdonor A, Fig. 1) were pooled from day 19 to 21 post-infection 
md incubated with cells obtained from anoth^ donor Giver donor B). Mra and 
extiacdlular RNA were extracted at various tunes post-infection. Results are shown in 
Rg. 3. 

R)sitive-stiand RNA was detected m the infected cells at days 5 and 12 post- 
infection, while die negative-strand RNA conld only be deeded at day 12 post- 
infection. In diis case, release of viral particles from die inoculum was barely 
detected. De novo produced viral RNA appeared around 10 days aft^ infection. As a 
control, direct infection of cells from the same liver donor was performed widi the 
inoculum K03 ; it induced earlier replication. These results confirm that infectious 
viral particles wm secreted m the supematants of in ^ritro infected human 
hqiatocytes. 

Influence of sera characteristics and liver cdl donors on in vitro infecdvity 
In order to assess the reproducibility of the expoiments, three different sera 
(K03, SOS, and L02, genotypes la, lb and 2a/c respectively) were tested for their 
infectivity on hepatocyte cultures established from the ]iyet% of diree donors (A, B 
and C). Results for liver donor A are illustrated in Fig. lA (for sermn K03) and Fig. 
4A and B (for sera SOS and L02 respectively), while overall results are described in 
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Table 2. Kinetics of rq)lication obtained with seniin SOS were similar to that obtained 
with serum K03 (Fig. lA and 4A). In cells infected with serum SOS however, level of 
positive-strand RNA seemed to decrease after day 17 post-infection, both intra and 
extra-cellularly, while it remained high at least up to 26 days post-infiection in cells 
infected widi senmi K03. It should also be noticed that with diis serum (genomic tito: 
17.8 MEq/ml), no release of viral RNA from the inoculum was obs^ed at day 3 
post-infecdon. In cells mfected widi smun LQ2, iq)lication could not be maintained 
afte^ 8 days post-infection, as positive-strand RNA was barely detectable at later times 
and negative-strand RNA was never detected (Fig. 4B). Overall, serum KD3 was 
infectious for cells obtained firom all three livers, serum SOS was infectious m 2/3 
experiments, while rq)lication could never be established from serum L02 (Table 2). 
Accordmg to fliese results, infectivity se«ned dkecdy correlated wifli genotype 1 and 
high genomic titer, and possibly mversely correlated with the anti-envelope antibody 
titers (no antibodies delected at serum dilution 1/20 for smun K03, antibodies 
detected at serum dilution 1/20 for serum SOS, and detected up to dilution 1/200 for 
serum L02). Infectivity of serum SOS also a^ipeared to dq»end on the liv^ donor. 

D^ermination of die quasispecies present in serum KD3 and in infected cultures 
established from tfiiee different liver donors. 

Quasispecies is defined as a population of closdy related h^rogeneous 
sequraces (quasq)ecies) coitenred around one dominant sequmce (referred to as the 
master sequence) in a single infected individual. 

Quasispecies presoit in the inoculum K03 and in the supematants of in vitro 
infected cultures established from three different livers were analyzed by domng and 
sequeocing die HCV hypervariable region 1 (HVRl). (Juasispecies distribution was 
. analyzed at bodi die nucleotkle (Fig. SA) and die amino acid level (Fig. SB). Twenty 
four different sequences (from 36 clones analyzed) were found in serum K03 (Fig. 
SA). One nucleotide sequence (A.3) was dominant in this serum, since 11/36 clones 
were identical (30%), ^ile die remaining ones were minor (representmg 2.7 to 5.S 
% of the total clones obtained) differing from each other in 1 to S nucleotides. 
Interestingly, this major quasispecies detected in die inoculum (A.3) was only poorly 
represented in supematants of iufected cells and cultures derived from all three livers 
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preferentially supported replication of minor variants found in the inoculum 
(sequences B J for Uver donor A, A.l for donor C and C.13 for donor B>. In all three 
cases, such variants rq)resented less tfian S.S% of circulating virions from serum 
KQ3. Major quasispecies recovered firom tiie cultures from donors A and B were not 
found m die inoculum, indicating diat it rq>resrated less than 2.7 % of the drculating 
virions. When supernatant collected from donor A ^1 days post-infection) was used 
to infect naive cdls from donor B (passage), the major quasispecies recovered after 
passage of the infection (sequeiKre d3) was different from the one found in 
hq)atocytes from donor A (sequence B.3), therefore representing less dian 6.6% of 
clones analyzed at day 21 in donor A. This could be one explanation for the observed 
delay m the establishment of viral rq)lication after passage (Fig. 3). Overall, these 
results showed that difierent quasispecies were selected in cultures established from 
different livers, and that in all three cases veportoi here the quasispecies sdected in 
the cnlture were niinor conq)onents of die inoculum. 

Since an increase in viral RNA secr^on was observed after two mondis in 
culture (infection of hspatacyti^ culture from donor C, illustrated in Fig. 2), an 
anatysis was made whi^^ this was due to die adaptation of certain quasiq)ecies to in 
vitro rqilication. To answer this question, die HVRl sequrace of viral RNA released 
• in the supernatant of diis long-term culture at days 65 and -90 post-infection, i.e. 
before and after the increase of viral titer was analyzed. TTiis analysis showed tfiat a 
least 3 distinct quasispecies were maintained after 2 months of culture (sequences A.l, 
D.2 and D.48). In contrast, only one HVRl sequence was detected at the end of this 
culture (A.l). This could suggest diat a selection of a quasispecies adapted to this 
donor occurred before day 65 and amplification of this minor subgroup went on 
diereafter. 

The demonstration of an efficient rq>lication over 3 months in the presrat 
culture medium using single-round RT-PCR, and quantification of the produced viral 
genomic RNA were achieved using a conunercially available HCV RNA 
quantificatidn kit (Monitor, Roche). Another mark^* of productive viral nifisction is 
the de novo synthesis of viral antigens. The concentration of core protein in the serum 
of chronically infected patients has been shown to be a reliable maricer of in vivo 
HCV replication (46). The release of core protein in die supernatant of infected cells 
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is a dmonstration of efficient in vitro propagation of the virus. Extensive 
characterization was made of the sera used for in vitro infection. None of the sera 
cfaaractmstics analyzed (genotype, genomic titer, anti-oivelope El and B2 antibody 
titer and NOB titer) were reliable predictive fEu:tors of serum infectivity, when 
* considered sqnrately . Interestingly however, rq>rodudbility of infection was obtained 
on cultures from three liver donors with a genotype 1, very high genomic titer serum 
containing no detectable anti-envelope proteins and no neutralizing antibodies in the 
NOB assay. 

In the described in vitro infection model of the present mvention, a sdecdon of 
distinct viral quasispecies from the same initial inoculum used to infect cultures 
established from difSn^rat liver donors, was observed. 

The present invention provides an efficient culture syst^ for HCV rq)lication 
and long-term propagation whidi can be achieved using in vitro infirrtf^ adult primary 
human hqiatocytes. In the modd, genomic titer in* tiie si^yematant readies 60,000 
gnomic equivalents/ml. 

The described system will be useful for the analysis of the first stq>s of 
interaction of the viral particle with cells, the devdopmmt of neutralization assays, 
the possible id»tification of HCV cellular receptor and the development of 
diagnostics assays. It is also particularly well suited for studies on antivbals, because 
(i) higih level rq)lication allows easy detection of vfral genomic sequences by several 
single-stq) PCR methods or conmiercial quantitative kits, (ii) sufficient duration of 
rqilicadon is maintained for evaluation of potential resistance, (iii) hqxatocytes are die 
site for metabolism of xenobiotics, and dimfore of antivbral compounds and (iv) the 
use of normal hqiatocytes from human origin will also allow a relevant estimation of 
cytotoxidty and pharmacological properties. 
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CLAIMS 

1. Use of a culture medium oontaining 

- one or more mammalian plasma or sera, 

• a diemical or biological con^und having an antioxydative property 
and/or diffaradating property, sudi as DMSO, r^oic add, vitamin, for 
exanq>le vitamin E, or selenium, 

. and/or one or more ccntiooids 
for flie m ^itm hepatitis C vuns replication in primary ma mmali a n 
hepatocytes. 

2. Process for the m virm hepatitis C virus rq)lication in primary 
fnammflliati hcpatocytcs comprisfaig the step of mcubation of a primary 
tniwmnaii^n hqiatocyte culture medium containing 

* one or iqore mammalian plasma or sera, 

- a chemical or biological conqwund having an antioxydative properQr 
and/or diffaeotiating propoty, sudi as DMSO, rctinoic add, vitamin, for 
exanq)le vitamin E, or sdeoinoit 

. and/or one or more oofticoids 

3. Ftocess aooordmg to dann 2» diaractmzed m that the culture medhmi 
contains : 

- one or more mammalian plasma or sera, 

- a chemical or biolopcalconqwund having an antioxydative property 
and/or dififaOTtiating ptoperty, sudi as DMSO, retinoic acid, vitamin, for 
exanqile vitamin E, or sdenhuiL 

4. Process according to daim 2 or 3, diaracterized in that the culture 
medhun is a prnnary human hq^atoc^te culture medhun containing a non- 
infected ^lWMn plasma or serum (i.e. a human serum not infected by HCV), 
DMSO, and a corticoid cfaosra frrai among hydrocortisone derivatives such as 
hydrocortisone hemisuodnate, or dexametfaasone. • 

5. Process according to claim 4, characterized in that : 

- the ratio of non-infected human plasma or serum is from about 1 % to 
about 10 % by volume of said culture medium, in particular about 1 %, to about 
S %, and prefi^bly about 2 % , 
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- the ndo of DMSO in said cdture medium is from about O.S 
to about 3 % by volume » in particular about 2 %« 

- the concentration of the cortiooid is from about lO^M to about lO^M, 
in particular about lO^M. 

6. Process according to claim 4 or S, diaracterized in that the culture 
medium also contains : 

- antibiotics sudbi as penldllin, strq>tomycin, and/or 

- interfisron, and/or 

- noammalian msulin, and/or 

- foetal calf senun, and/or 

- a basic medium for in vitro cell cultures, sudi as William's E medium, 
or a culture medium adqited for long term culture of q>ididial cdls . 

1. Process according to anyone of claims 2 to 6> characterized in that the 
culture medium does not contain PEG. 

8. Process according to anyone of claims 2 to 7, characterized in that : - 

- the HCV titer of the inoculum is from about 10^ to about 100 genon^ 
equivalents per hepatoc^te of tiie culture, mparticularfromO.l tosdxiut lOand 
in particular from about 1 to about 10 gnomic eqpi^^ 

. and the resulting HC^ titer m the culture inednnnaft^iiicub^ 
said moculum, is fitun about S.IO^ to about 1 graonnc 
equivalent/hepatoqrte/day. 

9. Process according to anyone of claims 2 to 8, wherein die hqpatocytes 
are initially seeded in die culture medium at the ratio of about l.S xlO^ to about 
2,10' cells/cm?. 

10. Use of a process according to anyone of claims 2 to 9, fr>r the in vixro 
scre^iing of anti-HCV drugs. 

11. Use of a process according to anyone of claims 2 to 9, for the in vitro 
diagnosis of HCV. 

12. Use of a process according to anyone of claims 2 to 9, for the 
preparation of vaccines against HCV. 
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13. HCV infected mammalian hepatocyte culture medium containing 

- one or more manimaiian plasma or sera, 

- a chemical or biological compound having an antioxydative property 
and/or differentiating properly, such as DMSO, retinoic add, vitamin, for 
«anq)le vitamin E, or seleoiam, 

- and/or one or more corticoids. 

14. HCV infected mammalian hepatocyte coltme mednm containing 

- one or more mammalian plasma or seta, 

- a chemical or biological oonqK)iuid having an aniio^dative property 
and/or differentiating property, such as DMSO, retinoic acid, vitamin, for ' 
example vitamin E, or seleniunL 

15. HCV infected mammalian hq>ato(^ culture medhnn according to 
rJ^m^ 14, diaracterized in that said culture medium is a human hqiatocyte 
culture medium containing a non-infected human serum or plasma, DMSO, and 
a oorticoid chosen among hydrocortisone derivatives such as hydrocortisone 
hemisnccinate, or dexametfaasone. 

16. HCV mfected mammalian h^atocyte culture mednm acoordmg to 
dahn 13 to 15, characterized in diat : 

- the ratio of non-infected human plasma or serum is from about 1 % to 
about 10 % by volume of said culture medmm, in particular about 1 %, to about 
S %, andprefoably about2 %, 

- tfaeratioof DMSO in said culture medium is from about 0.S % to about 

to about 3 % by volume , in particular about 2 %, 

- the concentration of the corticoid is from about lO'^M to about 
lO^M, in particular about 10^. 

17. HCV infected manDonalian hepatocyte culture medmm according to 
anyone of claims 13 to 16, wherein HCV infected hepatoc^tes survive for at 
least 4 monflis. 

18. HCV particles obtained according to the process of anyone of claims 1 

to 9. 
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